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Morinda umbellata subsp. boninensis (Rubiaceae), a perennial climber endemic to the Bonin (Ogas¬ 
awara) Islands, was examined in the field to determine its sex expression and reproductive nature. Natu¬ 
ral populations comprised hermaphroditic and staminate individuals. Hermaphroditic flowers had four 
or five stamens and a style with two stigmatic lobes; staminate flowers had four or five stamens and 
lacked a style and stigmatic lobes. There was no significant difference in stainability of the pollen with 
aniline blue in the anthers of either type of flower. Both morphs successfully resulted in seed set in arti¬ 
ficial cross pollination experiments. Observations of living plants and bagging and crossing experiments 
revealed that M. umbellata subsp. boninensis is functionally androdioecious. The stigmas of hermaphro¬ 
ditic flowers protrude beyond the corolla tube and are positioned above the anthers, whereas anthers of 
the staminate flowers protrude beyond the corolla tube. This indicates that stigma and anther heights ap¬ 
pear to be reciprocal between hermaphroditic and staminate flowers. Pollen differs significantly in size 
between the two sexual morphs. Based on these floral features, we consider the sexual system in subsp. 
boninesis may be derived from distylous hermaphroditism. 


Key words: androdioecy, Bonin (Ogasawara) Islands, dioecy, distyly, Morinda umbellata subsp. boni¬ 
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The Bonin (Ogasawara) Islands, an oceanic 
island group, have remained unconnected to a 
land mass throughout their geographical history 
(Asami 1970). Previous studies have reported 
several dioecious species of plants, which could 
have evolved from hermaphroditic ancestors in 
the Bonin Islands ( Callicarpa , Kawakubo 1990; 
Dendrocacalia, Kato & Nagamasu 1995; Wik- 
stroemia, Sugawara et al. 2004), Hawaii (Sakai et 
al. 1995) and New Zealand (Webb & Kelly 1993). 
Although those studies have contributed to our 
understanding of the evolution of species endem¬ 
ic on oceanic islands, detailed studies on the 
breeding systems are limited to only a few spe¬ 
cies. 

Morinda umbellata L. subsp. boninensis 
(Ohwi) T. Yamaz. (Rubiaceae) is a perennial 


climber restricted to the Bonin (Ogasawara) Is¬ 
lands. Subspecies umbellata occurs widely in 
eastern Asia, and in southern Kyushu, Japan 
(Yamazaki 1986, 1993, Puff et al. 2005). Both 
subspecies have long been described as being 
sexually dioecious (Wong 1984, Yamazaki 1986, 
1993, Puff et al. 2005). Our preliminary investi¬ 
gations, however, revealed that subsp. boninensis 
is androdioecious. 

Androdioecy is a breeding system in which 
populations comprise both staminate and her¬ 
maphroditic individuals (Lloyd 1975, Charles- 
worth 1984, Sakai & Weller 1999). As theoretical 
studies have predicted (Charlesworth 1984), an¬ 
drodioecy is extremely rare in flowering plants 
(Bawa 1980, Bawa & Beach 1981, Richards 1997, 
Sakai 2001), and most species described as an- 
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drodioecious are functionally dioecious (cryptic 
dioecy) or andromonoecious (Charlesworth 1984, 
Liston et al. 1990, Mayer & Charlesworth 1991). 
Indeed, functional androdioecy has been report¬ 
ed in only a small number of species, including 
Datisca glomerata (Presl) Baill. (Datiscaceae; 
Liston et al. 1990), Phillyrea angustifolia L. (Ole- 
aceae; Lepart & Dommee 1992), Mercurialis an¬ 
nua L. (Euphorbiaceae; Pannell 1997), Fraxinus 
lanuginosa Koidz. (Ishida & Hiura 1998) and F. 
ornus L. (Oleaceae; Dommee et al. 1999), Schizo- 
pepon bryoniifolius Maxim. (Cucurbitaceae; 
Akimoto et al. 1999) and others. 

The genus Morinda, comprising approxi¬ 
mately 80 species, is mainly distributed in the 
Old World tropics and subtropics (Peterson 1990, 
Johansson 1994). In Southeast Asia, it is reported 
that most species of the genus are sexually her¬ 
maphroditic and often distylous, while others are 
sexually dioecious (Philip & Mathew 1978, Red¬ 
dy & Bahadur 1978, Puff et al. 2005). It has been 
noted that most species of the genus in New Cale¬ 
donia are sexually hermaphroditic and monomor- 
phic in floral morphology, with the remaining 
species being morphologically androdioecious 
(Johansson 1994). Functional androdioecy, how¬ 
ever, has not been documented for any species in 
the genus to date. 

In this study, we examined the floral charac¬ 
teristics and breeding system of M. umbellata 
subsp. boninensis to determine whether or not it 
is truly androdioecious, and to document the re¬ 
productive nature and evolution of dimorphic 
flowers. 

Materials and Methods 

Study species and sites 

Plants of Morinda umbellata subsp. boninen¬ 
sis occur at the edge of broadleaved evergreen 
forests, and usually flower in June. Four to nine, 
condensed, umbellate inflorescences (named here 
referred to as compound umbels; Fig. 1A, B) are 
apical on the shoots. All of the ovaries are fused 
into a compound fruit, which we term ‘capitu- 
lum’ for this type of inflorescence, following Jo¬ 
hansson (1993). The corollas are cup-shaped, ca. 
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2 mm long, with four or five stamens, a single pis¬ 
til and an inferior ovary (Fig. 1C, D). The flowers 
last only one day. Each ovary usually contains 
four ovules. Fruits mature in autumn and change 
color from green to orange or red. 

Taxonomically, Morinda umbellata subsp. 
boninensis is further subdivided into two variet¬ 
ies, var. boninensis and var. hahazimensis T. 
Yamaz., based mainly on differences in the length 
of the stipules, peduncle and leaf blade (Yamaza- 
ki 1986, 1993). The two varieties are geographi¬ 
cally disjunct in distribution. Variety boninensis 
is distributed on Chichi-jima and nearby islands; 
var. hahazimensis is on Haha-jima and neighbor¬ 
ing islands (Yamazaki 1986, 1993, Toyoda 2003). 
We examined two populations representing both 
varieties: the Chichi-jima population on Mt. Shig- 
ure and the Haha-jima population on Mt. Chibu- 
sa. On Chichi-jima, M. umbellata subsp. boni¬ 
nensis grows in forests dominated by Pandanus 
boninensis Warb. (Pandanaceae), Morus austra¬ 
lis Poir. (Moraceae) and Rhaphiolepis indica (L.) 
Lindl. ex Ker var. umbellata (Thunb.) H. Ohashi 
(Rosaceae). The Haha-jima population usually 
occurs with Schima nertensiana Koidz. (Theace- 
ae) and Rhaphiolepis indica (L.) Lindl. ex Ker 
var. umbellata (Thunb.) H. Ohashi. 

Floral morphology, pollen stainability andpollen 
size 

To observe sexual and morphological differ¬ 
entiation, two to four capitula per plant were col¬ 
lected from 32 plants in the Chichi-jima popula¬ 
tion and from 29 plants in the Haha-jima 
population, and preserved in FAA (formalin: ace¬ 
tic acid:70% ethanol = 5:5:90) or 70% ethanol. 
After fixation, we measured two floral characters 
for each plant: stigma height (a) and anther height 
(b), as illustrated in Fig. 2. The mean value of 
three flowers from three capitula was used as a 
representative of each plant. 

Pollen stainability with aniline blue in lacto- 
phenol of more than 400 pollen grains per flower 
was examined for 30 plants from the Chichi-jima 
population and for 27 plants from the Haha-jima 
population. To evaluate pollen stainability, two 
flowers per plant were examined. The mean value 
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Fig. 1. Morinda umbellata subsp. boninensis, on edge of a broadleaved evergreen forest on Haha-jima, Bonin Islands, and its 
hermaphroditic and staminate flowers. A: hermaphroditic plant with several inflorescences arranged in an apparent um¬ 
bel. B: staminate plant with several inflorescences arranged in an apparent umbel. C: hermaphroditic flower, showing co¬ 
rolla, stamens and style with two stigmatic lobes. Scale bar = 2 mm. D: staminate flower, showing corolla and stamens. 
Scale bar = 2 mm. an, anther; st, style. 


■ t— 



Fig. 2. Schematic of staminate and hermaphroditic flowers of Morinda umbellata subsp. boninensis. A: staminate flower. B: 
hermaphroditic flower, a, stigma height; b, anther height. Scale bar = 3 mm. 
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of the two flowers examined was used as repre¬ 
sentative of each individual. 

To measure pollen size, the anthers within a 
flower before anthesis were crushed in aniline 
blue in lacto-phenol. The polar diameter of 50 
pollen grains, selected randomly from each an¬ 
ther, was measured using a light microscope for 
30 plants from the Chichi-jima population and for 
27 plants from the Haha-jima population. The 
mean value of the two flowers examined was con¬ 
sidered representative for each individual. The 
number of pollen grains per anther was also 
counted for 20 plants from the Chichi-jima popu¬ 
lation and for 20 plants from the Haha-jima popu¬ 
lation, and the number of pollen grains per flower 
was calculated. 

The number of flowers per capitulum was also 
examined. For this, three capitula were selected 
randomly for 25 plants from the Chichi-jima pop¬ 
ulation and for 22 plants from the Haha-jima pop¬ 
ulation. The mean value of the three capitula was 
used as the representative flower number per ca¬ 
pitulum. 

Pollen grains and longitudinal sections of 
ovaries were observed using scanning electron 
microscopy (SEM). The samples from the two 
populations were dehydrated in an ethanol: t-bu- 
tanol series, freeze-dried using a freeze drying 
device (JFD-300, JEOL), mounted onto SEM 
stubs on double-sided carbon tape, coated with 
gold using an ion sputter (JFC-110E, JEOL) and 
observed using a scanning electron microscopy 
(JSM-5600LV, JEOL). 

Fruit and seed sets and artificial pollination ex¬ 
periments 

Fruit set (matured fruit per flower) and seed 
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set (matured seeds per ovule in examined flow¬ 
ers) of hermaphroditic flowers under open polli¬ 
nation were examined in the Chichij-ima and Ha¬ 
ha-jima populations in 2005 and 2006. 

Bagging and artificial self pollination experi¬ 
ments were carried out to determine the degree of 
self compatibility of hermaphroditic flowers in 
the same population. Flower buds were selected 
randomly in each capitulum and placed in cello¬ 
phane to exclude insect pollinators. Some of the 
bagged flowers were left untouched; the others 
were artificially self pollinated and rebagged for 
4 months until fruit maturation. Artificial polli¬ 
nation between hermaphroditic flowers and be¬ 
tween hermaphroditic and staminate flowers was 
also performed in 2005 and 2006. In the her¬ 
maphroditic flowers, emasculated flower buds 
were bagged and left untouched for 2 to 3 days. 
After elongated papillae appeared on the stigma, 
indicating maturity, the flowers were artificially 
cross pollinated and rebagged for 4 months until 
fruit maturation. Details of the number of plants 
and flowers examined in each pollination experi¬ 
ment are shown in Table 3. 

Results 

Floral morphology of two sexual morphs 

Morphological observations of Morinda um- 
bellata subsp. boninensis in natural populations 
revealed two sexual expressions: hermaphroditic 
plants and staminate plants (Fig. 1). Hermaphro¬ 
ditic flowers had four or five stamens and a style 
with two stigmatic lobes protruding from the co¬ 
rolla tube (Figs. 1C, 2B). In contrast, staminate 
flowers had four or five stamens and anthers pro¬ 
truding from the corolla tube, but completely 
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Table 1. Stigma and anther heights (mean±S.D.) in hermaphroditic and staminate flowers in two populations of Morinda um- 
bellata subsp. boninensis. N: number of plants examined. Letters (a, b) indicate significant differences at p < 0.05 using 
Steel-Dwass’s multiple range test. 


Population 


Hermaphrodite 



Staminate 

N 

Stigma h. (mm) 

Anther h. (mm) 

N 

Anther h. (mm) 

Chichi-jima population 

14 

4.7±0.6 a 

4.1±0.6 b 

18 

4.6±0.5 a 

Haha-jima population 

14 

6.6±0.7 a 

5.4±1.1 b 

15 

6.4±0.5 a 
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lacking the style and stigmatic lobes (Figs. ID, 
2A). Accordingly, staminate flowers were easily 
distinguished by the absence of a style (Fig. 1C, 
D). The anthers of the hermaphroditic and stami¬ 
nate flowers produced fertile pollen grain, as de¬ 
tailed below. Although ovules were consistent in 
the ovaries of hermaphroditic flowers (Fig. 3B), 
they were also frequently observed in the ovaries 
of the staminate flowers (Fig. 3A). 

In the hermaphroditic flowers, the stigmas 
were significantly held higher than the anthers 
(Table 1). The anthers of the staminate flowers 
were significantly higher than in the hermaphro- 
dities, but not significantly different in height 
from the stigmas of hermaphroditic flowers (Ta¬ 
ble 1). These observations revealed that the stig¬ 
mas and anthers were reciprocally positioned be¬ 
tween the two sexual morphs. The stigmas and 
anthers were remarkably higher in the Haha-jima 
population than in the Chichi-jima population 
(Table 1). 


Pollen stainability, pollen size and number of pol¬ 
len grains produced by the two sexual morphs 

Pollen stainability in the hermaphroditic and 
staminate flowers from the Chichi-jima and Ha¬ 
ha-jima populations is shown in Table 2. Pollen 
stainability was high (> 80%), in both hermaph¬ 
roditic and staminate flowers, with no significant 
difference in stainability between the two sexual 
morphs (Mann-Whitney’s U- test, p > 0.05 for 
both populations; see Table 2). 

Pollen grains of the plants examined were 
usually spherical and tricolporate (Fig. 4), as is 
known in several other species of Morinda (Jo¬ 
hansson 1987). Pollen grains from the staminate 
flowers had a significantly larger polar diameter 
than grains from hermaphroditic flowers (Mann- 
Whitney’s C-test, p < 0.05 in both populations; 
Table 2). The exine sculpturing was a complex ar¬ 
rangement of reticulations and ridges. We did not 
find any differences in sculpturing between the 
two sexual morphs (Fig. 4A, B). 



Fig. 3. SEM photographs of longitudinal sections of staminate and hermaphroditic flowers, showing ovules (arrows) in ovaries 
of Morinda umbellata subsp. boninensis. A: staminate flower. B: hermaphroditic flower, an, anther; ov, ovule; sty, style. 
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Table 2. Pollen stainability, pollen size, pollen grains per flower, pollen grains per capitulum, and flower number per com¬ 
pound umbel in hermaphroditic and staminate plants in two populations of Morinda umbellata subsp. boninensis. N: num¬ 
ber of plants examined. 


Population 


Hermaphrodite 


Staminate 

Statistics* 

N 

Mean±S.D. 

N 

Mean±S.D. 

Chichi-jima population 

Pollen stainability (%) 

15 

84.4±17.3 

15 

89.0±16.2 

p > 0.05 

Pollen size (/mi) 

15 

37.9±2.1 

15 

41.2±2.6 

p < 0.05 

Pollen number/flower 

10 

5072±673 

10 

4577±1893 

p > 0.05 

Flower number/capitulum 

10 

8.7±2.1 

10 

18.1±3.2 

p < 0.05 

Flower number 
/compound umbel 

15 

37.3±7.7 

10 

75.0±26.1 

p < 0.05 

Haha-jima population 

Pollen stainability (%) 

12 

94.6±3.8 

15 

88.7±16.9 

p > 0.05 

Pollen size fwm) 

12 

39.1±1.3 

15 

42.3±1.1 

p < 0.05 

Pollen number/flower 

10 

9389±2649 

10 

10334±31961 

p > 0.05 

Flower number/capitulum 

10 

10.7±3.0 

10 

18.5±5.7 

p < 0.05 

Flower number 
/compound umbel 

10 

66.3±24.2 

12 

130.1±55.9 

p < 0.05 


*Statistics tests (Mann-Whitney's C-test) were carried out between hermaphroditic and staminate plants. 



Fig. 4. SEM photographs of pollen grains in hermaphroditic and staminate flowers of Morinda umbellata subsp. boninensis. 
A: pollen grain of staminate flower. B: pollen grain of hermaphroditic flower. 


There was no significant difference in the 
number of pollen grains per flower between the 
hermaphroditic and staminate flowers in the two 
populations we examined (Mann-Whitney’s U- 
test ,p > 0.05 in Chichi-jima and Haha-jima pops.; 
Table 2). However, the average number of pollen 
grains calculated for a compound umbel (capitula 
arranged in an apparent umbel at the end of a 
shoot) was significantly greater in staminate 


plants than in hermaphroditic plants (Mann- 
Whitney’s U- test, p < 0.05 in Chichi-jima and 
Haha-jima pops.), since the number of flowers per 
compound umbel was significantly larger in sta¬ 
minate plants than in hermaphroditic plants 
(Mann-Whitney’s £/-test, p < 0.05 in Chichi-jima 
and Haha-jima pops.; Table 2). The average num¬ 
ber of pollen grains calculated for a compound 
umbel in the Chichi-jima population was about 
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343,300 in staminate plants and 189,300 in her- 
maphrodities, so that the number of pollen grains 
in staminate plants was more than 1.8 times that 
of the hermaphrodities. Conversely, the average 
number of pollen grains in the staminate plants in 
the Haha-jima population was more than 2.1 
times that of the hermaphrodities (1,352,200 in 
the staminate plant and 622,500 in the hermaph¬ 
roditic plant). 

Fruit and seed set and artificial pollination ex¬ 
periments in natural populations 

In natural populations, only hermaphroditic 
plants produce fruits and seeds; the morphologi¬ 
cally staminate plants produced no fruit, even 
though they often have ovules in their ovaries 
(Fig. 3A). We found no differences in the size of 
ovules between the two sexual morphs. In open 
pollination, the average fruit set for hermaphro¬ 


ditic flowers ranged from 43.1 % to 70.3% among 
populations in both years of our observations (Ta¬ 
ble 3). The average number of seed sets in her¬ 
maphroditic flowers was nearly 40% for both 
populations in the two years (Table 3). 

In the bagging experiments with cellophane, 
the hermaphroditic flowers produced no fruits 
(Table 3), suggesting a dependence on pollinators 
for pollination. In the artificially self pollination 
experiments, the hermaphroditic flowers usually 
produced no fruits, although in the experiments 
on Haha-jima in 2006, on rare occasions her¬ 
maphroditic flowers did produce a few fruits and 
seeds, and may be partially self compatible. 

In the artificial cross pollination experiments, 
between hermaphroditic flowers or between her¬ 
maphroditic and staminate flowers, the flowers 
produced fruits and seeds relatively well (Table 
3). No significant difference was found in fruit set 


Table 3. Pollination experiments on hermaphroditic (H) and staminate (M) flowers in two populations of Morinda umbellata 
subsp. boninensis. N,: number of plants examined. N 2 : number of flowers examined in total, nd: no data. 


Population 

Treatment 

N, 

n 2 

Fruit set % 

Seed set % 
(MeaniS.D.) 

Chichi-jima population examined in 2005 

Open pollinated 

5 

185 

52.4 

40.6±21.1 

Bagged 

3 

25 

0 

0 

Bagged and self pollinated 

3 

9 

0 

0 

Bagged and cross pollinated by pollen from H flowers 

2 

12 

33.3 

8.4±5.9 

Bagged and cross pollinated by pollen from M flowers 

3 

18 

61.1 

31.9±30.8 

Chichi-jima population examined in 2006 

Open pollinated 

7 

310 

70.3 

39.9±21.2 

Bagged and cross pollinated by pollen from H flowers 

2 

6 

33.3 

12.5±5,9 

Bagged and cross pollinated by pollen from M flowers 

2 

6 

66.7 

58.3±0.0 

Haha-jima population examined in 2005 

Open pollinated 

8 

719 

43.1 

37.5±23.2 

Bagged 

3 

31 

0 

0 

Bagged and self pollinated 

3 

12 

0 

0 

Bagged and cross pollinated by pollen from H flowers 

2 

9 

77.8 

19.7±7.6 

Bagged and cross pollinated by pollen from M flowers 

3 

38 

57.9 

30.4±15.9 

Haha-jima population examined in 2006 

Open pollinated 

5 

736 

57.1 

43.3±22.5 

Bagged and self pollinated 

1 

10 

30.0 

5.0 

Bagged and cross pollinated by pollen from H flowers 

1 

15 

nd 

70.0 
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between the cross pollinated hermaphroditic 
flowers and the hermaphroditic and staminate 
flowers in either of the two populations (Chi- 
square test: Chichi-jima p = 0.136 in 2005; Haha- 
jima p = 0.247 in 2006; Haha-jima p = 0.269 in 
2005; Table 3). In addition, seed sets did not dif¬ 
fer significantly between the cross pollinated her¬ 
maphroditic flowers and the hermaphroditic and 
staminate flowers (Mann-Whitney’s C-test, p > 
0.05 for all tests; Table 3). 

Our preliminary observations of insect polli¬ 
nators found that Apis mellifera, an introduced 
bee, was the main pollinator of Morinda in the 
populations on Chichi-jima and Haha-jima Is¬ 
lands. 

Discussion 

The present study reveals that Morinda um- 
bellata subsp. boninensis, endemic to the Bonin 
Islands, is morphologically dimorphic, compris¬ 
ing hermaphroditic and staminate plants. Al¬ 
though it has been known in some species of Cal- 
licarpa (Kawakubo 1990) and Mammea (Dun- 
thorn 2004) that the morphologically hermaphro¬ 
ditic flowers have non-germinating pollen grains 
in their anthers, the hermaphroditic flowers of M. 
umbellata subsp. boninensis produced pollen 
stainable with aniline blue in lacto-phenol, and 
the pollen grains had germination pores, as in the 
staminate flowers. Moreover, the hermaphroditic 
flowers were fertile in artificial cross pollination 
experiments. Each of the two sexual morphs was 
constant within an individual and did not change 
in observations over the two or three flowering 
seasons, an indication that M. umbellata subsp. 
boninensis is functionally androdioecious. This 
is the first report for the genus, and also the first 
for an endemic plant of the Bonin Islands. 

As stated above, Morinda umbellata subsp. 
boninensis consists of two varieties, boninensis 
and hahazimensis (Yamazaki 1986, 1993). It is 
clear from this study that the two varieties exhib¬ 
it the same sexual system, although they differ 
from each other in stigma and anther height. 

In functionally androdioecious species, it is 
assumed that complete out crossing or partial self 


compatibility with high inbreeding depression 
are favorable for maintaining the androdioecious 
breeding system, and that the pollen production 
by staminate plants must be more than twice that 
of the hermaphroditic plants (Lloyd 1975, Bawa 
& Beach 1981, Charlesworth 1984). This is in¬ 
deed the case with the androdioecious Datisca 
glomerata , where hermaphroditic flowers are self 
compatible and pollen production in the stami¬ 
nate plants is nearly twice that of the hermaphro- 
dities (Philibrick & Rieseberg 1994). Similarly, 
the hermaphroditic flowers of Morinda umbellata 
subsp. boninensis are partly self compatible, and 
the sum of all pollen grains per inflorescence of 
the staminate plants examined was more than 
twice that of the hermaphrodities, although the 
number pollen grains per flower did not differ 
significantly between the two sexual morphs. 

Studies of several species, such as Datisca 
glomerata (Rieseberg et al. 1992), Mercurialis 
annua (Pannell 1997), Schizopepon bryoniifolius 
(Akimoto et al. 1999) and others (Pannell 2002), 
indicate that androdioecy is derived from dioecy. 
The evidence for this is based on molecular phy¬ 
logenetic data at the species level and from the 
fact that dioecy is common to all relatives within 
the genera concerned. Androdioecy is regarded 
as being derived from hermaphroditism (Bawa 
1980, Charlesworth 1984, Kikuzawa 1995, Delph 
& Wolf 2004), but with only a few substantiating 
examples (Sagittaria lancifolia L., Alismataceae, 
Muenchow 1998; Fraxinus spp., Wallander 2001) 
have been reported. In the genus Morinda , it is 
generally known that most species are usually 
hermaphroditic and distylous (heterostylous) 
(Reddy & Bahadur 1978, Philip & Mathew 1978, 
Wong 1984, Johansson 1994), and that a few spe¬ 
cies are sexually dioecious (Peterson 1990, Puff 
et al. 2005). 

In Morinda umbellata subsp. boninensis, the 
staminate and hermaphroditic flowers show a re¬ 
ciprocal herkogamy of stigma and anther height, 
although the staminate flowers completely lack a 
style and stigmatic lobes, and the size of their 
pollen significantly differs from each other, as in 
some typically distylous species (Dulberger 
1992, Richards 1997, Sugawara et al. 2002, Kon- 
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do et al. 2007). If androdioecy is derived from 
dioecy, staminate flowers would possess no 
ovules in their ovaries. The staminate flowers of 
M. umbellata subsp. boninensis, however, often 
contain vestigial ovules. These morphological 
features suggest that androdioecy in subsp. boni¬ 
nensis may have been derived from dimorphic 
hermaphroditism with a distylous nature, rather 
than directly from monomorphic hermaphrodit¬ 
ism. In the pollination experiments, however, we 
found that hermaphroditic plants appear to be 
partially self compatible and are able to produce 
fruits and seeds when artificially pollinated. In 
this feature, they may differ somewhat from other 
distylous plants (Dulberger 1992, Kikuzawa 
1995, Richards 1997). It therefore remains uncer¬ 
tain whether the reproductive system in subsp. 
boninensis is truly derived from distyly or not. To 
clarify the evolution of androdioecy in M. umbel¬ 
lata subsp. boninensis , phylogenetic analysis of 
this taxon and its relatives is needed. Comparison 
with the breeding system in M. umbellata subsp. 
umbellata , distributed widely in East Asia, will 
be important for understanding the evolution of 
the sexual system in this species. 
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